plasma testosterone has been reported to fall following surgery (8) , and recently testosterone levels were observed to be suppressed in young men during the early stressful phase of officer candidate training in the army (9) .
The fall in testosterone levels in the four males following defeat could be secondary to the wounding they received, as well as related to the psychological effects of such an experience. While all four males showed marked decreases in plasma testosterone, only two animals were seriously wounded. However, it is still possible that physical injury could account for the fall in testosterone levels. Preliminary results of studies in progress indicate that testosterone also falls after males are subjected to defeat and fall in dominance rank without the occurrence of physical injury.
The males in the present study were placed back in individual cages after their defeat. When defeated animals remain in the group, they assume a very depressed dominance rank and restrict their social interaction with other animals for a prolonged period of time. These observations suggest that defeat and loss of dominance is a very significant and meaningful experience for the male rhesus, and may thus present the most relevant explanation for the fall in plasma testosterone observed.
These data support the interpretation that testosterone secretion can be influenced by social and environmental variables and is not fixed. It is also possible, however, that although the pituitary-gonadal system is subject to influence by environmental events, the subsequent alterations in plasma testosterone may significantly affect behavior. It could be argued that the fall in testosterone following defeat and loss of dominance rank functions as an 10 NOVEMBER 1972 adaptive response. As aggressive threats or challenges by a subordinate animal are severely punished by the dominant members of a group, high levels of testosterone stimulating such behavior could be viewed as inappropriate and maladaptive. In a parallel vein, increase in testosterone stimulated by access to females would function to support the increased frequency of sexual activity. Work is needed to clarify these issues.
Narcotic Tolerance and Dependence and Serotonin Turnover
In a recent study of the effect of protein synthesis inhibitors on morphine tolerance, Loh et al. (1) reported that cerebral macromolecules play an important role in the development of narcotic tolerance and dependence. In a logical extension of this work involving a consideration of those reactions or enzymes associated with the putative neurohormones, Way and his co-workers (2) suggested that one of the proteins may be associated with serotonin (5-hydroxytryptamine) synthesis. This suggestion was based on the observation that serotonin turnover in the brain increases with the development of morphine tolerance. The method that Way and his co-workers used for the assessment of serotonin turnover was that of Tozer et al. (3) , who stated that the increase of brain serotonin after monoamine oxidase inhibition could be used as a measure of serotonin turnover.
The findings of Way and his coworkers (2) ks. They noted that the ks for the sham-operated mice was nearly equal to the ks for the morphine-tolerant mice and concluded that there was no difference in serotonin turnover between these two groups. We have since calculated, from a smoothed curve of the data they reported, the ks for all 20-minute time intervals past 50 minutes. It is clearly shown in Table 1 that for each of the five time pairs the ks is higher for the morphine-tolerant mice than for the control mice. Using these values of k5 to calculate the rate of synthesis of brain serotonin, one would conclude that in most time intervals mice tolerant to morphine have a higher rate of serotonin synthesis than control mice. However, we also observed that the apparent rate of serotonin synthesis declined over time, an indication that a steady state between radioactive product and precursor was probably never established. Thus, the incomplete calculations of Cheney et al. (5) led to an erroneous conclusion concerning the rate of serotonin synthesis. Cheney et al. have also reported that the development of morphine tolerance does not affect the conversion index, which describes the net rate of incorporation of [3H]tryptophan into [3H]serotonin at any time after the administration of the precursor. We have carried out some similar preliminary experiments with a pulse dose of [3H]tryptophan. When [3H]tryptophan was administered to Swiss-Webster mice (obtained from Hlorton Laboratories, Oakland, California), we found that the conversion index increased 50 percent in morphine-tolerant mice at 20 minutes after the administration of the precursor. We did not investigate later time intervals. At 20 minutes after [3H]tryptophan administration the specific activity of tryptophan had increased slightly from 3.08 ± 0.49 x 103 disintegrations per minute per nanomole in controls to 3.62 + 0.25 in morphinetolerant aniimals. However, the specific activity of serotonin had increased markedly from 5.79 + 0.75 X 10: disintegrations per minute per nanomole in controls to 10.08 ± 1.13 in the morphine-tolerant animals. No change was observed in the concentrations of endogenous tryptophan, serotonin, or 5hydroxyindole acetic acid (5-HIAA), or in the specific activity of 5-HIAA. The reasons underlying the differences between our data and those of Cheney et al. are unclear at present. However, it would have been helpful if Cheney et al. had included data on 5-HIAA, the major metabolite of serotonin.
Cheney et al. (5) , in agreement with the results we report here, found that the specific activity of tryptophan was somewhat higher in morphine-dependent animals than in controls. They also noted a proportional increase in the specific activity of serotonin. However, they concluded that this finding "implies a more rapid transport of the amino acid from the blood into the brain, but it has no bearing on the question of serotonin turnover." This opinion is at variance with the finding that the uptake and availability of tryptophan as well as the activity of tryptophan hydroxylase regulate serotonin biosynthesis (7) .
Cheney et al. (5) also suggested that ("under some conditions the indirect pargyline method does not serve as a valid measure of serotonin turnover." It is understood that this method has an inherent disadvantage; namely, one assumes that pargyline has only one pharmacologic effect, that is, monoamine oxidase inhibition. However, Way and his co-workers (2) also estimated the rate of serotonin synthesis in morphine-tolerant mice by using probenecid to block the egress of 5-HIAA from the brain (8) . Here again, the serotonin turnover was reported to be significantly higher in morphine-tolerant mice than in the controls. Although the probenecid method, like the pargyline method, has its own limitations, both methods have been shown by Neff et al. (6) to yield the same results as the direct method for the turnover of brain serotonin in control animals. On the other hand, in the direct method certain difficulties arise in drug-treated animals which affect the transport of tryptophan to the brain. The calculation of k5, reflects that proportion of tryptophan that is metabolized to serotonin. However, since tryptophan hydroxylase is not a substrate-saturated enzyme, it is necessary to consider both the k8, and the specific activity of tryptophan when analyzing the rate of serotonin biosynthesis by the "direct method." The question of whether or not brain serotonin plays a role in the mechanism of narcotic tolerance and dependence needs to be investigated still further. Various investigators (4, 5, 9) have both confirmed and refuted the original findings of Way and his co-workers (2, 10 ). Acceptance of a role for serotonin would hinge largely upon the demonstration that the findings in the mouse represent a phenomenon that occurs in all species capable of developing tolerance to and dependence on morphine. It may well be that the sensitivity of the serotonin system to morphine will vary from species to species. Indeed, lationship with serotonin turnover in the brain." Furthermore, one might conclude that the direct method does not serve as a valid measure of serotonin turnover under some experimental conditions. ROBERT (where 5-HTP represents 5-hydroxytryptophan) on the assumption that x is the specific activity of TP, y is the specific activity of 5-HTP, and z is the specific activity of 5-HT.
dt k(x-y) (1) dtz k3(y z) (2) The approximation of k3 (k5) that we reported (1) and that Hitzemann et al. present is derived from Eq. 3:
10 NOVEMBER 1972 Equation 3 is valid only for the time interval for which the value of x is very similar to the value of y. In our report (1) we assumed that Eq. 3 may be used to approximate k3 only for the time interval between 30 and 50 minutes. Moreover, we know that Eq. 3 cannot be valid throughout the entire time interval we have studied in our experiments. Indeed, the declining rate of synthesis of 5-HT calculated from our data by Hitzemann et al. reflects our current methodolgical inability to measure the 5-HT turnover rate. We have overcome this methodological barrier for measuring the turnover rate of heart norepinephrine (2), and we are currently working toward a similar method for 5-HT that will permit calculations to be made from Eq. 2.
In our report (1) we hesitated to give excessive weight to the specific activity of 5-HT of the control mice at 160 minutes because it did not appear to decline in this particular experiment (although it has in other experiments). Therefore, any calculations based on this particular point must be questionable. We have since repeated this experiment, using highly purified [14C]TP.
The conversion index (3) calculated for tolerant-dependent mice did not differ from that for control mice.
The probenecid and pargyline methods were excellent prototypic techniques for measurement of the rate of turnover of brain 5-HT. However, these methods do not necessarily represent ideal methods for drug studies, because they are characterized by inherent inconsistencies: pargyline interferes with the adrenocortical function (4), and probenecid interferes with the steadystate concentrations of brain TP (5) .
In our report we followed the approximation of the conversion index and that of k3, with their inherent limitations. We maintain that the rate of 5-HT turnover in the brains of mice with a high degree of tolerance to, and physical dependence on, morphine can remain unchanged. We do not exclude the possibility that one can find special strains of mice and experimental conditions in which one can obtain a change of 5-HT turnover rate associated with morphine dependence. However, the fact that we (1) and others (6) We have recently described the preparation and immunogenic properties of a conjugate of morphine 3hemisuccinate with bovine serum albumin (1) . We now have chemical evidence that the attachment of the succinoyl moiety to morphine is through the 6-rather than the 3-hydroxyl group and that the conjugate with bovine serum albumin (BSA) should therefore be similarly formulated.
We originally reported that a ferric chloride test on the succinoyl derivative (1) was negative. This observation has now been found to be in error; indeed 1 does give a positive test with FeC13, an indication that a free phenolic group is present at C-3 and that the succinoyl moiety must therefore be attached to the alcoholic hydroxyl at C-6. Rigorous proof was obtained as follows. Methylation of 1 with diazomethane in ether with a trace of methanol for 12 hours gave a 62 percent yield of a methyl ester methyl ether of 1 together with 7 percent of codeine, separated by thin-layer chromatography on silica gel with a solvent system composed of ethyl acetate, methanol, and ammonium hydroxide (17: 2: 1). The above methyl ester methyl ether on hydrolysis with 2 percent KOH in methanol at 25°C for 1 hour yielded, after one recrystallization from hexane, codeine (54 percent), which melted at 151°to 153°C and exhibited infrared
